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ABSTRACT

A new species of bivalve, Thyasira (Thyasira) beui, is described
from lower to middle Miocene hydrocarbon seep deposits from
the North Island of New Zealand. Thyasira (T.) nakazawai
Matsumoto, 1971 is redescribed from lower Miocene seep
deposits in central Honshu of Japan, and 7. (T)) sp. from
Paleocene wood-fall communities in eastern Hokkaido is
described as the first Thyasira sensu stricto of this age in Japan.
As the genus Conchocele replaced the niche of Thyasira sensu
stricto at seep sites from the Eocene in Japan, the occurrence of
T (T) nakazawai is an exceptional occurrence of this genus at
younger seeps in Japan. In contrast, Conchocele disappeared
from New Zealand waters from the end of the Paleocene,
leaving Thyasira sensu stricto as the sole thyasirid taxon at
New Zealand Cenozoic seep sites.

Additional Keywords: Conchocele, Fossil, hydrocarbon seep,
cold seep

INTRODUCTION

Bivalves within the family Thyasiridae today inhabit
reduced environments from intertidal mudflats to
deep-sea hydrothermal vents. Some thyasirid species
host chemoautotrophic bacteria in their gills, particu-
larly those toward the larger end of the size range of
the family, and some do not (Dufour, 2005; Oliver and
Levin, 2006; Taylor and Glover, 2010). Most species
within the genus Thyasira have two demibranchs

and symbionts (Oliver and Killeen, 2002; Dufor,
2005). Such chemosymbiotic thyasirids are deep bur-
rowers and mine sulfide deep in the substrate using
their vermiform foot (Dando and Southward, 1986:
Seilacher, 1990; Oliver and Killeen, 2002; Dufour and
Felbeck, 2003). Thyasirid species can extend their foot
up to 30 times the length of the shell (Dufour and
Felbeck, 2003).

The oldest known thyasirid, Cretaxinus hurimi Hryniewicz,
Little, and Nakrem, 2014, comes from uppermost Jurassic
to lowermost Cretaceous seeps in Svalbard. As noted
by Kiel et al. (2008), Thyasira rouyana (d’Orbigny,
1844) from Lower Cretaceous (Valangian—Hauterivian)
rocks in Europe is the oldest species of Thyasira sensu
stricto. By the late Early Cretaceous (Albian), spe-
cies within this subgenus appeared in seep sites in
Hokkaido, northern Japan (Kiel et al., 2008, 2009).

Several species of Thyasira sensu stricto have been
reported from Cenozoic deposits around the Pacific
Rim (Table 1), including Thyasira sensu stricto from
Paleocene carbonates with plant debris in eastern
Hokkaido, Japan, Thyasira nakazawai from Miocene
accretionary-prism deposits in central Honshu, japan
(Matsumoto, 1971), and Thyasira sp. from Miocene
seep deposits of North Island, New Zealand (Campbell
et al., 2008).

Here we formally describe Thyasira sensu stricto
fossils from the Paleocene and Miocene of Japan and
the Miocene from New Zealand. The descriptions extend
knowledge of the fossil species of Thyasira sensu stricto
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Table 1.

Cenozoic Thyasira sensu stricto from the Pacific Rim. Symbols: * maximum length (mm); ** length>height; + distinctly

longer than high, + subcircular, — distinctly higher than long; *** medial {lattened area.

Species Country, District Age Max L™ L>H" MF Data source

Thyasira (Thyasira) sp. Hokkaido, Japan Paleocene 10.1 -+ - This study

T (T) baca Kamchatka, Russia Paleocene 13 - — Devjatilova and
Devjatilova, 1981 Volobueva (1981)

T (T.) mironovi South Sakhalin, Russia Paleocene 12 LS +? Kalishevich
Kalishevich, 1981 et al. (1981)

T (T.) uncinata South Sakhalin, Russia Paleocene 14 + — Kalishevich
Kalikevich, 1981 et al. (1981)

T (T) xylodia Kiel Washington, USA Latest Eoc.—e. 21 ? - Kiel and
and Goedert, 2007 Oligoc. Soedert (2007)

T, (T.) peruviana Peru Oligocene 25 e - Olsson (1931)
Olsson, 1931

T (T) nakazawai central Honshu, Japan E. Miocene 28.3 + - Matsumoto (1971)
Matsumoto, 1971

T (T) minoensis central Honshu, Japan E. Miocene 14.1 - + This study
Itoigawa, 1960

T (T.) motutaraensis North Is., New Zealand E. Miocene 6.5 — — Powell (1935)
Powell, 1935 )

T. (T.) bartrumi North Is., New Zealand . Miocene 15 + + Powell (1935)
Powell, 1935

T. (T) beui new species North Is., New Zealand E.—m. Miocene 13.8 4L — This study

T (T) nana Kamchatka, Sakhalin, Russia M. Miocene 6 + - Khomenko (1929)
Khomenko, 1929

T (T.) marwicki North Is., New Zealand L. Miocene 10 + - Marwick (1926), as
NoIn. Nov. Thyasira planata

T.(T) tokunagai Kuroda  Japan E. Miocene-rec. 13.6 - aF This study
and Habe, 1951

T (T) gouldii California, USA Pliocene—rec. 12 - + QOekelmann (1958),
(Phﬂippi, 1845a) Coan et al. (2000)

T (T) peregrina New Zealand Pliocene—rec. 10.4 - + This study
(Iredale, 1930)

T (T) ozawai Japan E. Pleistocene 153 — + This study

(Yokoyama, 1926)

in hydrocarbon seep and wood-fall communities from the
Pacific Rim.

MATERIALS AND METHODS

The fossils used in this study were collected from two
Paleocene sites in Japan and from two Miocene locali-
ties in New Zealand. We also examined some Miocene
specimens from New Zealand housed at the University
of Auckland and one Miocene species described by
Matsumoto (1971), which is stored at National Museum
of Nature and Science, Tokyo. Details of localities and
associated faunas are as follows:

Eastern Hokkaido, Japan. All specimens were collected
from two carbonate float blocks from the Katsuhira-zawa
(K1) and Katsuhira-kita-zawa (K2) localities of Urahoro
Town, eastern Hokkaido, Japan (Figure 1). The upper
part of the Katsuhira Formation crops out in this area
and consists of mudstones yielding carbonates that con-
tain many plant fragments. The carbonates contain-
ing the thyasirid fossils have probably been eroded out
from the mudstones of this formation, the age of which
has been assigned to the Paleocene (early Selandian)

(see Amano and Jenkins, 2014). In addition to the thyasirid
bivalves, the carbonates also contain specimens of a
provannid(?) gastropod, a limpet, and Bentharca steffeni
(Amano et al., 2015). The taxonomic composition of this
fauna suggests that its primary energy source was the
degradation products derived from sunken wood, which
was probably bored by xylophagain bivalves.

Central Honshu, Japan. Thyasira nekazawai Matsumoto,
1971 was the name proposed for specimens collected
from limestone lenses or calcareous mudstones within
turbidites of the Wappazawa Formation (Setogawa Group)
on a branch of the Hakkou River, 1600 m west of
Matsushita, Shimada City (S1) and at Nakadaira, Shimada
City (52) (Figure 1). The age of the Wappazawa Forma-
tion has been assigned to the early Miocene (Watanabe,
1988). From the formation, molluscan fossils have been
recovered only from the limestone lenses and calcar-
eous mudstones (Matsumoto, 1971). Thyasira nakazawai
was collected with Sexolucina (Megaxinus) matsushitai
Matsumoto, 1971 and Pitar matsuraensis (Nagao, 1928)
[= Pliocardia? sp.]. Based on the fauna and lithofacies of
the limestone lenses and calcareous mudstones, the taxa
from these localities probably inhabited hydrocarbon seeps.




K. Amano et al., 2015 Page 45

[] Pliocene - Quaternary

Htg Z‘\/\//‘( Eocene - Miocene

O seep limestone site

| mid-Cretaceous - Paleocene
R basement, volcanics, etc

@ seep site treated in this paper

Figure 1. Localities of the fossil Thyasira sensu stricto described herein.

North Island, New Zealand. Specimens of Thyasira
beui new species were collected from hydrocarbon seep
carbonates from the Moonlight North (MN), Bexhaven
(BX), and Turihaua (TH) localities, north of Gisborne,
North Island, New Zealand (Figure 1). The deposits
belong to the Bexhaven Limestone, which is assigned
to the ecarly to middle Miocene (Campbell et al., 2008).
From MN, Amano et al. (2014) described the vesicomyid
species Notocalyptogena neozelandica and Pliocardia?
sp. Saether et al. (2010) described the bathymodioline
mussels, Bathymodiolus (s. 1.) heretaunga, from BX and
MN, and Gigantidus coseli from BX, MN, and TH.

We describe the Thyasira species in this study using
the terminology of Kauffman (1967) and Oliver and
Killeen (2002). All figured and supplementary specimens
are catalogued at the University of Auckland (UOA L),
Joetsu University of Education (JUE) and the National
Museum of Nature and Science (NSM).

SYSTEMATIC PALEONTOLOGY

Family Thyasiridae Dall, 1900 (Dall, 1895)
Genus Thyasira Lamarck, 1818
Subgenus Thyasira Lamarck, 1818

Type Species: Tellina flexuosa Montagu, 1803

Remarks: The subgenus Parathyasira Iredale, 1930 dif-
fers from Thyasira sensu stricto by having no shell auricle.
Most historical and some recent literature has treated
the taxon Conchocele as a subgenus of Thyasira (e.g.,
Yabe, H. and S. Nomura, 1925; Grant and Gale, 1931,
Krishtofovich, 1936; Slodkewitsch, 1938; Weaver, 1942;

Hickman, 1984; Matsui, 1985; Moore, 1988; Matsui, 1990).
However, Conchocele Gabb, 1866 attains a large size
(max. 165.4 mm in length; Kamenev et al., 2001), has a
thick shell, and lacks an auricle. Therefore, we regard
Conchocele as a genus distinet from Thyasira.

Thyasira (Thyasira) nakazawai Matsumoto, 1971
(Figures 2-7)

Thy(tsira nakazawai Matsumoto, 1971: 665-666, pl. 3,
fig. 15-18, Amano, 2014: 7, fig. 1.

Type Material: Holotype, NSM PM-16922a. Paratypes,
NSM PM-16923, NSM PM-16924, NSM PM-16925.

Material Examined: Eleven specimens including the
type specimens.

See Table 2.

Measurement:

Original Description:  “Shell medium in size, thin tri-
gonal oval, nearly long as high, strongly inflated. Antero-
dorsal border strongly concave, sharply turned to broadly
curved, subangular ventral border forming almost a right
angle; postero-dorsal long, faintly arched passing into
the ventral border forming an obtuse angle. Beak sinall,
strongly curved forward and situated at about the middle
of the shell. Surface of the shell ecrnamented with fine
and concentric, but somewhat irregular growth-lines.
Posterior surface depressed from the upper side of the
postero-ventral corner making oblique ridge. A central
part of the shell faintly ridged from the beak to middle of
the ventral border.”

Complementary Description:  On examination of the
material we found that there are some elements of the
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Figures 2-7.

Loc. S1. 7. Inner surface of right valve;

Table 2.

Thyasira (Thyasira) nakazawai Matsumoto. 2. Dorsal view of posterior part of left valve; Paratype; NSM PM-16924;
I()c S1. 3a, b. Frontal and ()bllqm view of right valve; NSM PM-16910; Loc. S2. 4. Frontal view (:f left valve; Paratype; NSM
PM-16923; Loe. S1. 5. Frontal view of left valve; Holotype; NSM PM-16922a; Loc. S1. 6. Frontal view of left valve; NSM PM-16905;

AAS, antorior adductor scar; NSM PM-16909; Loc. S1.

Measurements of Thyasira (Thyasira) nakazawai Matsumoto.

Number of Length Height Width

specimens Type (mm) (mm) {(mm) H/L W/L Valve
NSM PM-16922a Holotype 20.6 19.1 - 0.93 - left
NSM PM-16923 Paratype 14.9 13.1 - 0.88 - left
NSM PM-16924 Paratype 13.5+ 13.8 - - - left
NSM PM-16925 Paratype 18.5 16.9 - 0.91 - rig]]t
NSM PM-16905 16.2 16.7 - 1.03 - I’ight
NSM PM-16906 22.0 20.1 15.5 0.91 0.70 both
NSM PM-16908 17.9 17.5 - 0.98 - left
NSM PM-16909 20.4 17.3 - 0.85 - right
NSM PM-16910-1 21.0 18.4 - 0.88 - left
NSM PM-16910-2 16.0 15.5 - 0.97 - rig])t

original description of the species that are incorrect. We
therefore offer here more accurate and complementary
morphological information.

Shell rather large for the genus (maximum 28.3 mm
in length), thin, ovate, slightly longer than high (height/
l(%ngth ratio = 0.85-0.97; exceptionally 1.03), vel} inflated
(width/length ratio = 0.70). Anterodorsal margin short,
strongly concave; anterior margin subcircular and gradu-
ating into arched ventral margin. Seeond posterior fold
distinct, but not stronger than first posterior fold; pos-
terior sulcus rather shallow and narrow; first poste-
rior fold strong and ridged; submarginal sulcus distinet;

auricle narrow but extending total length of submarginal
sulcus. Lunule moderately depressed. Beak prominent,
prosogyrate, situated at about one-third of shell length.
Shell 51;rf‘1ce ornamented with fine growth lines. Ante-
rior adductor scar elongate quadrate and attached to
pallial line; posterior adductor scar indistinct. Inner
surface of shell crenulated by many fine radial lines.

Comparison: Thyasira (Thyasira) nakazawai is simi-
lar to T. (T.) tanabei Kiel, Amano and Jenkins, 2008 from
the Upper Cretaceous formations in Hokkaido, sharing
a strongly concave anterodorsal margin and strong and
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ridged posterior fold. However, T. (T)) nakazawai differs
from the latter species by having a larger (maximum
length of T. (T.) tanabei = 13.5 mm) and more inflated
shell with a smaller anterior adductor scar.

Distribution: Lower Miocene Wappazawa Formation
of the Setogawa Group from the Shizuoka Prefecture,
central Honshu, Japan.

Thyasire {Thyasira) beui new species
(Figures 8-15)

Thyasira sp.—Campbell et al., 2008: 90.
Thyasira sp. nov—Saether, 2011: 135-138, fig. 5-19.

Diagnosis: Medium-sized Thyasira with suborbicular
shell, shallow lunule, and small auricle. Ventral end of first
posterior fold occasionally angulated.

Description:  Shell up to 13.8 mm in length, rather thin,
moderately inflated (width/length ratio = 0.58-0.91), sub-
orbicular (height/length ratio = 0.90-1.17), equivalve and
inequilateral. Antero-dorsal margin broadly arched and
continuing to rounded anterior margin; ventral margin
broadly arehed. Auricle small, extending in length two-
thirds along marginal sulcus; first posterior fold sharp,
with ventral end occasionally angulated; posterior sulcus
very shallow; second posterior fold less distinet than first
posterior fold. Beak prominent, prosogyrate and located
around two-fifths of shell length (i.e., at 36-44% of shell
length from anterior margin). Lunule shallow and demar-
cated by very shallow groove. Shell surface with fine
growth lines. Inner shell surface ornamented by many
fine radial grooves. Pallial line entire, starting from mid-
point of ventral side of anterior adductor scar. Anterior
adductor scar elongate-quadrate; posterior adductor scar
very small and ovate.

Holotype: UOA 14626 from MN (Y16/{1054), collec-
tion AU 15844.

Paratypes: UOA 14627 from MN (Y16/1033), col-
lection AU 19618; UOA 14628 from MN (Y16/£1174),
collection AU 19923; UOA 14629 and 1.4630 from MN
(Y16/1059), eollection AU 19982; UOA 14631 from BX
(Y16/1032), collection AU 19617.

Type Locality: Moonlight North seep carbonates, north
of Gisborne, North Island, New Zealand.

Material Examined: Twenty-two specimens from three
localities (Loc. MN, BX, TH in Figure 1).

Measurements: See Table 3.

Remarks: Thyasira (Thyasira) beui is Thyasira sp. in
the compilation of molluscan fossils (in part taken from
Beu and Maxwell (1990)) from New Zealand hydrocar-
bon seep carbonates in Campbell et al. (2008). Saether
(2011) described and illustrated this species as “Thyasira
sp- nov.” in his unpublished Ph.D. thesis.

Comparison: Thyasira (Thyasira) beui shares a promi-
nent beak and a moderately inflated shell with 7' ()
motutaraensis Powell, 1935 from the lower Miocene
Motutara deposit west of Auckland, North Island,
New Zealand (see also Beu and Maxwell, 1990). How-
ever, T. (T.) motutaraensis can be separated from the
new species by its smaller and higher triangular shell
(length = 7.4 mm, height/length ratio = 1.14). Thyasira
(T") planata Marwick, 1926 [this name was preoccupied
by Jeffreys, 1882 and a new name, T. (T.) marwicki
is proposed herein] from upper Miocene deposits in
the western part of North Island, New Zealand, can
be distinguished from T. (T.) beni by having a wider
posterior area, a longer marginal sulcus, and a nar-
rower auricle than that of the new species. Thyasira
(T.) mironovi Kalishevich from the Paleocene of South
Sakhalin (Klishevich et al. 1981) is similar to T. (T) beuwi
in having a first posterior fold with angular ventral
end. However, T. (T.) mironovi can be separated from
T (T) beui by having a less inflated shell, a wider pos-
terior fold and a weak medial flattened area. Another
species from the Paleocene of South Sakhalin, T (T7)
uncinata Kalishevich, can be easily distinguished from
T. (T') beui by having an elongate shell with posteriorly
situated beak. Thyasira (T.) bartrumi Powell, 1935 from
the lower Miocene Motutara deposit is distinctly dif-
ferent from T. (T") beui by having a Conchocele-like shell
with beak at anterior one-seventh of shell length and a
medial flattened area. The Recent New Zealand species,
T. (T.) peregrina Iredale, 1930 differs from T. (T.) beui by
its smaller shell (maximum length = 10.4 mm), which is
higher than long, and by having a medial flattened area.

Distribution: Lower to middle Miocene Bexhaven
Limestone, north of Gisborne, North Island, New Zealand.

Etymology: Named after Dr. Alan G. Beu who has
made significant contributions to the taxonomy of
Cenozoic fossil faunas from New Zealand.

Thyasira (Thyasira) sp.
(Figures 16-17)

Material Examined: Two articulated but imperfect
specimens (JUE nos. 15936, 15937).

Description:  Shell rather small in size (9.7-10.1 mm +
in length), thin, ovate, longer than high, well inflated
(width/length ratio = 0.52-0.58). Anterodorsal margin
short, nearly straight; anterior margin subcircular. Second
posterior fold distinct; posterior sulcus rather deep; first
posterior fold wide and ridged; submarginal sulcus dis-
tinct; auricle narrow and short. Beak prosogyrate. Inner
structure of shell not preserved.

Comparison:  Thyasira (Thyasira) sp. is similar to the
Cretaceous species, T. (T.) tanabei Kiel, Amano and
Jenkins, 2008 by having a ridged first posterior fold.
However, the wide posterior area of our specimens

3

enables us to separate 7. (T)) sp. from T. (T.) tanabei.
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Figures 8-15. Thyasira (Thyasira) beui new species. All specimens except for one illustrated in Figure 15a, b are from the type
locality (Moonlight North; MN). One specimen of Figure 15a, b is from Bexhaven (BX). 8a—c. Frontal and dorsal views of both
valves; Paratype, UOA 14629. 9a, b. Frontal view of right valve and dorsal view of both valves; Holotype; UOA 1.4626; white arrow
showing an angulated ventral end of first posterior fold. 10a, b. Inner surface of right valve and its enlargement of the area around
AAS (= anterior adductor scar); Paratype; UOA 1.4630. 11. Frontal view of left valve; Paratype; UOA 1A4628. 12. rontal view of
right valve; UOA 14638. 13. Frontal view of left valve; left valve; UOA 1.4640. 14. Frontal view of right valve; UOA L4627, Inner
surface of right valve showing PAS (= posterior adduetor scar) and its enlargement; Paratype; UOA 1LA4631.
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Table 3. Measurements of Thyasira (Thyasira) beui new species.

Number of Length Height Width Collection Locality
specimens Type (mm) (mm) (mm) H/L W/L Valve Number Number
UOA L4626 Holotype 10.2 9.6 6.6 0.94 0.65 both AU15844 Y16/f1054
UOA 14627 Paratype 10.3 10.2 6.6 0.99 .64 both AU19618 Y16/£1033
UOA 14628 Paratype 0% 74 - 1.03 - left AU19923 Y16/f1174
UOA 14629 Paratype 9.5 10.4 7.1 1.09 0.75 both AU19982 Y16/{1059
UOA 14630 Paratype 104 10.3 7.0 0.99 0.67 both AU19982 Y16/£1059
UGA 14631 Paratype 12.4 12.9 9.3 1.04 0.75 both AU19617 Y16/11032
UGA 14632 i4.8 14.7 16.7 0.99 0.72 both AU15844 Y16/f1054
UOA 14633 10.5 1163 7.3 1.08 0.70 both AU15844 Y16/£1054
UOA 14634 12.7 13.4 9.7 1.06 0.76 both AU15844 Y16/£1054
UOA L4635 9.2 9.1 - 0.92 - left AU19872 Y16/f1048
UOA L4636 11.2 11.0 7.9 0.98 0.71 both AU19922 Y18/1657
UOA 14637 11.1 10.0 8.0 0.90 0.72 both AU19922 Y18/1657
UOA 14638 12.9 11245 - 0.97 - right AU19923 Y16/£1174
UOA 14639 9.0 8.1 - 0.90 - right AU19923 Y16/f1174
UOA 14640 i3.8 [5G - 0.92 - left AU19982 Y16/f1059
UOA 14641 Ho) 7 10.9 7.4 1.02 (.69 both AU19982 Y16/f1059
UQA 14642 10.2 11.9 9.3 1.17 0.91 both AU19982 Y16/f1059
UOA L4643 12.0 12.1 7.9 1.01 (.66 both AU19982 Y16/£1059
UOA 14644 12.6 12.3 9.2 0.98 0.73 both AU19982 Y16/f1059
UOA 14645 7.6 .1 4.6 1.01 0.61 both AU19982 Y16/f1059

T. (T.) xylodia Kiel and Goedert, 2007 comes from
latest Eocene and early Oligocene wood-fall communi-
ties in Washington State, USA and can be distinguished
from T. (T.) sp. by its larger size (21 mm in length),
deeply concave antero-dorsal margin and narrower pos-
terior area. T. (T') baca Devjatilova from the Paleocene
Getkilninskaya Formation of western Kamchatka (Devjatilova
and Volobueva, 1981) differs from T. (T.) sp. by having
a triangular shell and narrower posterior area. Thyasira
(T) mironovi Kalishevich ean be distinguished from
T. (T.) sp. by having wider first posterior fold with an
angular ventral end and extending its ventral end to
the ventral margin of main disc.

Distribution: Paleocene, upper part of the Katsuhira
Formation, eastern Hokkaido, Japan.

DISCUSSION

Several Recent species of Thyasira sensu stricto have
been recorded from hydrocarbon seep or hydrothermal
vent sites (Table 4; Clarke, 1989; Dando et al., 1994;
Oliver and Killeen, 2002; Olu et al., 2004; Oliver and
Sellanes, 2005; Oliver and Holmes, 2006; Rodrigues
et al,, 2008). Based on recent molecular analysis of nuclear
185 rRNA and 28S rRNA, the subgenus Thyasira sensu
stricto is divided into two elades (Taylor et al., 2007).
Thyasira (T.) sarsi (Philippi, 1845b) and T. (T") methanophila
Oliver and Sellanes, 2005, from hydrocarbon seeps, form
a monophyletic clade. Thyasira sarsi itself is an oppor-
tunistic species which is also able to live in sediments
with low organic content, and at relatively low densities
(Keuning et al., 2011). Another clade includes T. (T.)
flexuosa (Montagu, 1803), T. (T.) gouldii (Philippi, 1845a),
and T. (T.) polygonata (Jeffreys, 1864), none of which have

been recorded from seep and vent sites. Morphologi-
cally, the T. (T.) sarsi-T. (T.) methanophila clade differs
from the T. (T) flexuosa-T. (T.) gouldii-T. (T.) polygonata
clade by having larger (more than 20 mm in length),
subcircular or a slightly longer shells, without a medial
flattened area. Other Thyasira species found in seep
and vent sites, such as T. (T.) southwardae Oliver and
Holmes, 2006, T. (T.) vulcolutre Rodrigues and Oliver
in Rodrigues et al., 2008 and T. (T!) oleophila Clarke,
1989, also have similar shell charaeteristics to the T (T))
sarsi-T. (T)) methanophila clade.

Payne and Allen (1991) and Dufour (2005) have shown
that in thyasirids demibranch number is related to
body size, because asymbiotic thyasirids with only one
demibranch only have access to a small amount of nutri-
ents at bathyal depths. All the species discussed above
have two demibranchs and chemosynthetic bacteria
(Dufour, 2005; Oliver and Sellanes, 2005; Oliver and
Holmes, 2006; Rodrigues and Oliver, 2008). Almost
certainly because of the abundant supply of hydrogen
sulfide at seep and vent sites, thyasirids living there can
grow to large sizes relative to thyasirids inhabiting other
environments. However, the reason that the thyasirids
living in chemosynthetic environments have subcircular
or longer shells, without a medial flattened area, is
unknown. There are exceptions, as T. (T0) striata (Sturany,
1896), found at a Mediterranean seep by Olu et al. (2004),
is characterized by a rather small (ca. 7.5 i) and higher
shell with a medial flattened area. This morphological
information from Recent seep and vent Thyasira sensu
stricto can be used to infer the paleoecology of fossil
Thya.s-im sensu stricto species.

As shown in Table 1, Thyasira (T.) nakazawai has a
large (length = 28.3 mm) and longer shell (height/
length ratio = 0.85-0.97) without a medial flattened area,
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Figures 16-17. Thyasira (Thyasira) sp. 16a, b. Frontal view of right valve and dorsal view of both valves; JUE no. 15936; Loc. K1.
17a, b. Frontal and oblique view of right valve; JUE no. 15937; K2.

Table 4. Morpho]o(f\ of recent species of Thyasira sensu stricto. * maximum length (mm); ** Length>Height; + distinctly longer
than high, + subcircular, — distinctly higher than long; *** Medial flattened area.

Species sites Max L* L>H** MF*** Data source

Thyasira (Thyasira) sarsi (Philippi, 1845b) seep 25 4 — Dando et al. (1994), Oliver
and Killeen (2002)

T. (T.) methanophila Oliver and Sellanes, 2005 seep 29.7 + - Oliver and Sellanes (2005)
T. (T.) southwardae Oliver and Holmes, 2006 vent 16.7 + - Oliver and Holmes (2006)
T. (T.) vulcolutre Rodrigues and Oliver, 2008 seep 17.2 £ — Rodrigues et al. (2008)

T. (T.) oleophila Clarke, 1989 seep ca.23 + — Clarke (1989)

T (T) striata (Sturany, 1896) seep ca.7.5 — 4L Olu et al. (2004)

T. (T.) tokunagai Kuroda and Habe, 1951 non-seep 13.6 — + This study

T (T) gouldii (Philippi, 1845a) non-seep 12 - 4L Killeen and Oliver (2002b)
T (T) po]_z/,«_{onntn (Jeffreys, 1864) non-seep 9 — + Killeen and Oliver (2002a)
T (7)) flexuosa (Montagu, 1803) non-seep 12 — + Oliver and Killeen (2002)
compared to Thyasira sensu stricto species from Cenozoic 1960 was collected from non-seep sandstones of the
deposits around the Pacific Rim. Because of this, we lower Miocene Oidawara Formation; it has a smaller
speculate that T. (T.) nakazawai might have lived in (length = 14.1 mm) and higher shell (height/length

cold seep areas. In contrast, T. (T.) minoensis Ttoigawa, ratio = 1.08) and with a distinct medial flattened area.
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While the maximum size of T. (T.) beui new species
is not large (length = 13.8 mm), the speelex has a
suborbicular shell (height/length ratio = 0.90-1.17)
without a medial flattened area. The carbonates and
associated fauna (see also Campbell et al., 2008) indi-
cate this species also thrived at fossil seep sites. Judging
from the lithofacies and the associated fauna of limpets
and provannids, the Paleocene T. (T.) sp. collected from
eastern Hokkaido might have been a member of a fossil
wood-fall community. Despite the small size of T. (T.) sp.
(length = 9.7-10.1 mm) compared with other seep spe-
cies, it also is longer than high and has no medial flat-
tened area. Such small thyasirid species also have been
recognized in Late Cretaceous wood-fall communities
with limpets and provannids by Kiel et al. (2009). In the
northern Pacific area, Thyasira sensu stricto occurred
in hydrocarbon seeps and wood-fall sites during the
Late Cretaceous (Kiel et al., 2008, 2009). The eastern
Hokkaido Paleocene Thyasira sensu stricto species
might have lived in wood-fall communities. The first large
thyasirid, Thyasira townsendi (White, 1890) (almost cer-
tainly a species of Conchocele) appeared in Maastrichtian
seep deposits of Snow Hill Island, Antarctica (Kiel et al.,
2008; Little et al. 2015). The second oldest large thyasirid
species, Conchocele aff. conradi (Rosenkrantz, 1942), is
from the Danian Kangilia Formation of western Greenland
(Rosenkrantz, 1970; Amano, 2014). From North Island,
New Zealand, one specimen of Conchocele sp. has been
recorded from Paleocene deposits at Angora Road, south
of Wimbledon (Beu and Maxwell, 1990; Beu, 2014 per-
sonal communication). Another Paleocene Conchocele
speeimen up to 70 mm in length was collected from
1 km south of Te Kaukau Point, White Rock, South
Wairarapa coast (Beu, 2014 personal communication).
So far, no fossil Conchocele has been recorded from
Paleocene deposits in the northern Pacific area.

Since the Eocene, the genus Conchocele seems to
have replaced the niche of Thyasira sensu stricto in the
northern Pacific. Lots of literature has described the
radiation of Conchocele in Eocene to Recent times in
this region (e.g., Yabe and Nomura, 1925; Grant and
Gale, 1931; Krishtofovich, 1936; Slodkewitsch, 1938;
Weaver, 1942; Hickman, 1984; Moore, 1988; Kamenev
et al., 2001). Conchocele was also found from Eocene
to Holocene seep sites and in Oligocene to Miocene
whale-fall sites (Goedert et al., 1995; Majima et al., 2005;
Amano et al., 2007; Kiel and Goedert, 2006). Thus the
occurrence of Thyasira (Thyasira) nakazawai from lower
Miocene seep deposits is an exceptional post-Eocene
occurrence of Thyasira (Thyasira) species in the north-
ern Pacific area. In contrast, in New Zealand T (T) beui
occurs in lower to middle Miocene seep sites, in the
absence of Conchocele from the region.

Conchocele might have migrated from western
Greenland to the northern Pacific area (including
Japan) by the Eocene (Amano and Jenkins, 2014), and
once there to have replaced Thyasira sensu stricto
because of its tolerance to lower oxygen environments.
In New Zealand waters, in contrast, Conchocele did not

invade hydrocarbon seep sites and had disappeared
from the region by end of the Paleocene. Thyasirids
(probably Thyasira sensu stricto) from New Zealand
Cretaceous seep deposits (Kiel et al., 2013) show that
small sized thyasirids have flourished in the area since
that time period.

ACKNOWLEDGMENTS

‘e thank Alan G. Beu (GNS Science) for supplying
much information, allowing us to refer to the Paleocene
Conchocele from New Zealand and reviewing the manu-
script Graham P. Oliver (National Museum Wales), and
John D. Taylor (Natural History Museum) for infor-
mation on Recent Thyasira; Bruce Marshall (Te Papa
Museum, Wellington, New Zealand) for showing us
modern Thyasira specimens from New Zealand; Steffen
Kiel (University of Gottingen) for reviewing the manu-
script; Neville Hudson (University of Auckland, New
Zealand) for his help with fossil curation and access to
material stored in the University of Auckland paleon-
tological collections; Anton Oleinik (Florida Atlantic
University) for information on Russian literature; Tomoki
Kase (National Museum of Nature and Science, Tokyo),
Tatsuo Oji (Nagoya University Museum), and Hiroshi
Nishi and Jun Nemoto (Tl)hoku niversity Museum) for
their help in examining the fossil specimens from Japan.
This study was partly supported by a Grant-in-aid for
Scientific Research from the Japan Society for Promo-
tion of Science (C, 26400500, 2014-2016) to K.A. and
R.G.]. K.P.S. was financially supported by the National
Science Foundation of China (No. 91114201) and the
Strategic Pri()ritv Research Program (B) of the Chinese
Academy of Sciences (XDB03010101). Fieldwork to
the New Zealand seep sites by C.T.S.L. was funded by
a Royal Society International Exchange grant.

LITERATURE CITED

Amano, K. 2014. Fossil records and evolution of chemosyn-
thetic bivalves. Fossils (Paleontological Society of Japan)
96: 5-14. [in Japanese with English abstract]

Amane, K. and R.G. Jenkins. 2014. A new Paleocene species of
Aporrhaidae (Gastropoda) from eastern Hokkaido, Japan.
Paleontological Research 18: 33-39.

Amano, K., R.G. Jenkins, and K. Nishida. 2015. A new Paleocene
species of Bentharca (Bivalvia; Arcidae) from eastern
Hokkaido, with remarks on evolutionary adaptation of sus-
pension feeders to deep sea. Pa.]e(mtol()glcdl Research:
128-138.

Amano, K., C.T.S. Little, and K. Inoue. 2007. A new Miocene
whale-fall community from Japan. Palaeogeography,
Palaeoelimatology, Palacoecology 247: 236-242.

Amano, K., K.P. Saether, C.T.SS. Little, and K.A. Campbell.
2014. Fossil vesicomyid bivalves from Miocene hydrocarbon
seep sites, North Island, New Zealand. Acta Palaeontologica
Polonica 59: 421-428.

Beu, A.G. and P.A. Maxwell. 1990. Cenozoic Mollusca of New
Zealand. New Zealand Geological Survey Paleontological
Bulletin 58: 1-318.




THE NAUTILUS, Vol. 129, No. 2

Campbell, K.A., D.A. Francis, M. Collins, M.R. Gregory, C.S.
Nelson, |. Crelner‘t and P. Aharcn, 2008. Hydrocarbon
seep-carbonates of a Miocene forearc (East Coast Basin),
North Island, New Zealand. Sedimentary Geology 204:
8§3-105.

Clarke, A.H. 1989. New molluscs from under sea oil seeps off
Louisiana. Malacology Data Net 2: 122-134.

Coan, E.V,, P. Valentich-Scott, and F.R. Bernard. 2000: Bivalve
Seaslwils of Western North America. Marine Bivalve
Mollusks from Arctic Alaska to Baja California. Santa
Barbara Museum of Natural History, Santa Barbara. 764 pp.

Dall, W.H. 1895. Contributions to the Te rtiary fauna of Florida,
with especial reference to the Miocene silex-beds of Tampa
and the Pliocene beds of the Caloosahatchie River. Part 111,
A new classification of the Pelecypoda. Wagner Free Insti-
tute of Science of Philadelphia, Transactions 3: 483-570.

Dando, P.R., I. Bussmann, S.J. Niven, S.C.M. O'Hara, R.
Schmaljohann, and L.J. Taylor. 1994. The ecology of
a methane seep area in the Skagerrak, the habitat of
the pogonophore Siboglinum poseidoni and the bivalve
molluse Thyasira sarsi. Marine Ecology Progress Series
107: 157-167.

Dando, P.R. and A.]. Southward. 1986. Chemoautotrophy in
bivalve molluses of the genus Thyasira. Journal of the
Marine Biological Association of the United Kingdom
66: 915-929.

Devjatilova, A.D. and B.I. Volobueva. 1981. Atlas of the Neo-
gene and Paleogene faunas in the North-East of the USSR.
Nedra Publ. House, Moscow. 219 pp. [in Russian]

d'Orbigny, A.D. 1844. Paléontologie Francaise, terrains crétacés.
Vol. 3, Mollusques. G. Masson, Paris. 807 pp.

Dufour, S.C. 2005. Gill anatomy and evolution of syibiosis in
the bivalve family Thyasiridae. Biological Bulletin 208:
200-212.

Dufour, S.C. and H. Felbeck. 2003. Sulphide mining by the
superextensile foot of symbiotic thyasirid bivalves. Nature
426: 65-67.

Gabb, W.M. 1866. Paleontology of California, vol. 2. Cretaceous
and Tertiary fossils. Sect. 1. Geological Survey of California.
pp- 1-38.

Goedert, J.L., R.L. Squires, and L.G. Barnes. 1995. Paleo-
ecology of whale-fall habitats from deep-water Oligocene
rocks, Olympic Peninsula, Washington State. Palacogeography,
Palaeoclimatology, Palaeoecology 118: 151-158.

Grant, U.S., 1V and H.R. Gale. 1931. Catalogue of the Marine
Ph()cene and Pleistocene Mollusca of California. Memoirs
of the San Diego Society of Natural History 1: 1-1036.

Hickman, C. 1984. Composition, structure, ecology, and evolu-
tion of six Cenozoic deep-water mollusk communities.
Journal of Paleontology 58: 1215-1234.

Hryniewicz, K., C.T.S. Little, and H.A. Nakrem. 2014. Bivalves
from the latest Jurassic-earliest Cretaceous hydrocarbon
seep carbonates from central Spitsbergen, Svalbard. Zootaxa
3859: 1-66.

Iredale, T. 1930. More notes on the marine Mollusca of New
South Wales. Records of the Australian Museum 17:
384-407.

ltoigawa, [. 1960. Paleoecological studies of the Miocene
Ml?unaml Group, central Japan. Journal of Earth Sciences,

Nagoya University 8: 246-300.

Jeffreys, J.G. 1864. British Conchology Vol. IL. marine Shells.
John van Voorst, Paternorster Row, London. 465 pp.

Jeffrevs, J.G. 1882. Note on the Mollusea procured by the
Italian Exploration of the Mediterranean in 1881. Annals
and Magazine of Natural History (5) 10: 27-35.

Kauffiman, E.G. 1967. Cretacecus Thyasira from the Western
Interior of North America. Smithsonian Miscellaneous
Collections 152: 1-159.

Kalishevich, T.G., E.D. Zalinskaja, and M.Y. Serova. 1981.
Development of organic world of the Pacific Belt on
the Mesozoic and Cenozoic boundary. Foraminifers,
molluscs and palynoflora of the Northwestern Sector.
Nauka Publ. House, Moscow, 164 pp. [in Russian,
title translated]

Kamenev, G.M., V.A. Nadtochy, and A.P. Kuznetsov. 20601.
Conchocele bisecta (Conrad, 1849) (Bivalvia: Thyasirisae)
from cold-water methane-rich areas of the sea of Okhotsk.
The Veliger 44: 84-94.

Keuning, R., C. Schander, J.A. Kongsrud, and E. Willasen.
2011. Ecology of twelve species of Thyasiridae (Mollusca:
Bivalvia). Marine Pollution Bulletin 62: 786-791.

Khomenko, 1.P. 1929. Paleontological description of a Tertiary
fauna of molluscs from Sakhalin Island. I. Genus Thyasira.
Bulletins du Comité Géologique 48: 79-100 (669-690).
[in Russian with English summary]

Kiel, S., K. Amano, Y. Hikida, and R.G. Jenkins. 2009. Wood-fall
associations from Late Cretaceous deep-water sediments of
Hokkaido, Japan. Lethaia 42: 74-82.

Kiel, S., K. Amano, and R.G. Jenkins. 2008. Bivalves from
Cretaceous cold-seep deposits on Hokkaido, Japan. Acta
Palaeontologica Polonica 53: 525-337.

Kiel, S., D. Birgel, K.A. Campbell, J.S. Crampton, P. Schigler,
and] Peckmann. 2013. Cretaceous methane-seep deposits
from New Zealand and their fauna. Palaeogeography,
Palaeoclimatology, Palaececology 390: 17-34.

Kiel, S. and ].L. Goedert. 2006. Deep-sea food bonanzas: Early
Cenozoic whale-fall communities resemble wood-fall rather
than seep communities. Proceedings of the Royal Society B
273: 2625-2631.

Kiel, S. and J.L. Goedert. 2007. Six new mollusk species associ-
ated with biogenic substrates in Cenozoic deep-water sedi-
ments in Washington State, USA. Acta Palaeontologica
Polonica 52: 41-52.

Killeen, L.]. and P.G. Oliver. 2002a. Thyasira polygonata
(Jeffreys) (Bivalvia: Lucinoidea), and abandoned taxon
with a possible amphi-Atlantic distribution. Journal of
Conchology 37: 383-389.

Killeen, 1. J. and P.G. Oliver. 2002b. The taxonomic and con-
servation status of Thyasira gouldi (Philippi, 1844), the
northern hatchet shell, in British waters. Journal of Con-
chology 37: 391-402.

Krishtofovich, L.V. 1936. Shells of the group Thyasira bisecta
(Conrad) from the Tertiary deposits of the west coast of
Kamchatka. Transactions of the Geological Oil Institute
88: 1-66. (In Russian with English summary.)

Lamarck, |.-B.PA. de M. de. 1818. Histoire Naturelle des
Animaux sans Vertebres, vol. 5, Ist edition. Déterville, Paris.
612 pp.

Little, C.T.S., D. Birgel, A.J. Boyce, J.A. Crame, J.E.
Francis, S. Kiel, J. Peckmann, D. Pirrie, G.K. Rollinson,
and ].D. Witts. 2015. Late Cretaceous (Maastrichtian)
shallow water hydrocarbon seeps from Snow Hill and
Seymour Islands, James Ross Basin, Antarctica. Palaeo-
ge()graphv Palaeoclimatology, Palaeoecology 418: 213-228.

Majima, R., T. Nobuhara, and T. Kitazaki. 2005. Review of
fossil d\emosynthenc assemblages in Japan. Palaeogeography,
Palaeoclimatology, Palaeoecology 227: 86-123.

Marwick, J. 1926. New Tertiary Mollusca from North Taranaki.
Transactions of the New Zealand Institute 56: 317-331.




K. Amano et al., 2015

Page 53

Matsumoto, E. 1971. Oligocene mollusks from the Setogawa
Group in central Japan. Bulletin of the National Science
Museum, Tokyo 14: 661-669.

Matui, S. 1985. Recurrent molluscan associations of the Gmima-
Manganji fauna in the Gojome-Oga area, Northeast
Honshu. Part 1. General discussions of the fauna and
systematic notes on gastropod and scaphopod species.
Transactions and Proceedings of the Palacontological
Society of Japan, New Series 139: 149-179.

Matui, S. 1990. Pliocene-Pleistocene molluscan associations
in north central Japan and their relationship to environ-
ments. Transactions and Proceedings of the Palacontological
Society of Japan, New Series 160: 641-662.

Montagu, G. 1803. Testacea Britannica. ]. White, London,
606 pp.

Moore, E.J. 1988. Tertiary marine pelecypods of California
and Baja California: Lueinidae through Chamidae. U.S.
Geological Survey Professional Paper 1228-D: D1-1D46.

Nagao, T. 1928. Paleogene fossils of the lsland of Kyushu,
Japan. Part 1. Science Reports of the Tohoku Imperial
University, Series 2, 9: 97-128.

Ockelmann, K. W. 1958, Ille zoology of east Greenland, marine
Lamellibranchiata. Meddelelser om Grgnland 122: 1-256.

Oliver, P.G. and A.M. Holimes. 2006. New species of Thyasiridae
(Bivalvia) from chemosynthetie communities in the Atlantic
Ocean. Journal of Conchology 39: 175-183.

Oliver, P.G. and 1.]. Killeen. 2002. The Thyasiridae (Mollusea:
Bivalvia) of the British continental shelf and North Sea
Oilfields. An identification manual. Studies of Marine Bio-
diversity and Systematics from National Museum of
Wales, BIOMOR Reports 3: 1-73.

Oliver, P.G. and L. Levin. 2006. A new species of the family
Thyasiridae (Mollusca: Bivalvia) from the oxygen minimum
zone of the Pakistan Margin. Journal of the Marine Bio-
logical Association of the United Kingdom 86: 411-416.

Oliver, P.G. and J. Sellanes. 2005. New species of Thyasiridae
from a methane seepage area off Concepcion, Chile.
Zootaxa 1092: 1-20.

Olsson, A.A. 1931. Contributions to the Tertiary paleontology
of northern Peru: Part 4, The Peruvian Oligocene. Bulletins
of American Paleontology 17: 97-264.

Olu, K., M. Sibuet, A. Fiala-Médoni, S. Cofas, C. Salas, A
Mariotti, J.-P.Foucher, J. Woodside. 2004. Cold seep com-
munities in the deep eastern Mediterranean Sea: compo-
sition, symbiosis and spatial distribution on mud volcances.
Deep-Sea Research 1 51: 1915-1936.

Payne, C.M. and J.A. Allen. 1991. The morphology of deep-sea
Thyasiridae (Mollusca: Bivalvia) from the Atlantie Ocean.
Philosophical Transactions of the Royal Society of London
B 334: 481-566.

Philippi, R.A. 1845a. Bemerken iiber die mollusken-fauna
von Masachusetts. Zeitschrift fiir Malakozoologie 1845:
68-79.

Philippi, R.A. 1845b. Kritische Bemerkungen iiber einige Trochus-
Arten und die Gattung Axinus. Zeitschrift fiir Malakozoologie
1845: 87-91.

Powell, A.\WV.B. 1935. Tertiary Mollusca from Motutara, west
coast, Auckland. Records of the Auckland Institute and
Museum 1: 327-340.

Redrigues, C.F., P.G. Oliver, and M.R. Cunha. 2008.
Thyasircidea (Mollusca: Bivalvia) from the mud voleanoes
of the Gulf of Cadiz (NE Atlantic). Zootaxa 1752: 41-56.

Rosenkrantz, A. 1942. Skegten Thyasiras geologiske Optraden.
Meddelelser fra Dansk Geologisk Forening 10: 277-278.

Rosenkrantz, A. 1970. Marine Upper Cretaceous and lower-
most Tertiary deposits in West Greenland. Investigations
before and since 1938. Meddelelser fra Dansk Geologisk
Forening 19: 406453,

Saether, K.P. 2011. A Taxonomic and Palaeobicgeographic
Study of the Fossil Fauna of Miocene Hydrocarbon Seep
Deposits, North Island, New Zealand. Unpublished Ph.D.
thesis, The University of Auckland, Auckland, 479 pp.

Saether, K.P., C.T.S. Little, K.A. Campbell, B.A. Marshall,
M. Collins, and A.C. Alfaro. 2010. New fossil mussels
(Mollusca: Bivalvia: Mytilidae) from Miocene hydrocarbon
seep deposits, North Island, New Zealand, with general
remarks on vent and seep mussels. Zootaxa 2377: 1-45.

Seilacher, A. 1990. Aberrations in bivalve evolution related to
photo- and chemosymbiosis. Historical Biology 3: 289-311.

Slodkewitsch, W.S. 1938. Tertiary Pelecypodes fr()m the Far
East. Paleontologiya USSR, Vol. 10, Fase. 19, 275 p.
Academy of Seiences of USSR, Moscow and Leningrad.
(In Russian with English summary.)

Sturany R. 1896. Mollusken 1 (Prosobranchier und Opistho-
branchier; Scaphopoden; Lamellibranchier) gesammelt
von S.M. Schiff “Pola” 1890-94. Denkschriften der
mathematisch-naturwissenschaftlichen Klasse der Kaiserlichen

kademie der Wissenschaften 63: 1-36.

Taylor, .., S.T. Williams, and E.A. Glover. 2007. Evolutionary
relationships of the bivalve famnily Thyasiridae (Mollusca:
Bivalvia), monophyly and superfamily status. Journal of the
Marine Biological Association of the United Kingdom 87:
565-574.

Taylor, ].D. and E.A. Glover. 2010. Chemosymbiotic bivalves.
In: S. Kiel (ed.) The Vent and Seep Biota. Topics in
Geobiology 33: 107-136.

Watanabe, Y. 1988, Geology of the Kurami and Yui districts
in central Shizuoka: the southwestern extension of the
Setogawa Terrane. Journal of the Geological Society of
Japan 94: 207-219. [In Japanese with English abstract.]

Weaver, C.E. 1942. Paleontology of the marine Tertiary forma-
tions of Oregon and W lsluugt()n University of Washington
Publications in Geology 5: 1-789.

White, C.A., 1890. On certain Mesozoie fossils from the 1slands
of St. Pauls and St. Peter’s in the Straits of Magellan. Pro-
ceedings of the United States National Museum 13: 13-14.

Yabe, H. and S. Nomura. 1925. Notes on the recent and Ter-
tiary species of Thyasira from Japan. Science Reports of
the Tohoku Imperial University, 2nd Series 7: 83-95.

Yokoyama, M. 1926. Fossil shells from Sado. journal of
the Faculty of Science, Imperial University of Tokyo,
Section 2, 1: 249-312.




